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Abstract 
Pasture production is dependent on results from favourable conditions that allow for stimulation of tillers and 
absence thereof does not promote the development of tillers. The study sought to investigate the comparative 
characterisation of the morphology, crude protein and in-vitro dry matter degradability (DMD) of nine native 
grass species (Anthephora pubescens, Cenchrus ciliaris, Chloris gayana, Dactylis glomerata, Digitaria 
eriantha, Eragrostis curvula, Festuca arundinacea, Panicum maximum & Themeda triandra), subjected under 
controlled conditions. Plants were assessed for germination percentage, chlorophyll, number of leaves and 
tillers, crude protein and in-vitro dry matter degradability (DMD). Data on these parameters was analysed 
using one-way analysis of variance. Panicum maximum (log10 0.82) and T. triandra (log10 0.80) had higher 
(P<0.05) average number of leaves. Eragrostis curvula had the highest (P<0.05) chlorophyll content. 
Eragrostis curvula (61.57 g/kg DM) and D. glomerata (60.28 g/kg DM) grasses had higher (P<0.05) crude 
protein content. Festuca arundinacea (481.35 g/kg DM) had the highest (P<0.05) in vitro ruminal DMD36 
values when compared to all other grasses. Festuca arundinacea (548.85 g/kg DM) had the highest (P<0.05) 
in vitro ruminal DMD48 values when compared to all other grasses. Chloris gayana, D. glomerata, D. 
eriantha, E. curvula, F. arundinacea, P. maximum and T. triandra had the highest average ranking values 
above 4.5 for most parameters. Due to their outperforming traits these grasses serve as a dual purpose to the 
restoration of degraded rangelands. 
Introduction 
Natural pastures are distinctively the main source of diet for ruminants and remain a more accessible and 
cheaper animal feed. The grasses availability in terms of quantity and quality determines the animal’s 
productivity. Ruminants are extensively exposed to grazing rangelands which has further caused gradual 
damage on natural vegetation as they reach threshold. Pasture production results from favourable conditions 
that allows for stimulation of tillers and absence thereof does not promote the development of tiller (Benvenutti 
et al. 2006). Plant agronomic, morphological traits and nutritive value have directly influenced veld 
rehabilitation and animal production. The restoration through establishment of new plant pastures is dependent 
on raw materials (species), seed germination status, seedling growth, type of grazing system (Ravhuhali et al. 
2019). However, few studies have been published on the establishment of forage plants for veld restoration in 
semi-arid areas. This study sought to assess the morphology, crude protein and in-vitro DMD traits of 
prioritized (selected) grass species grown in semi-arid areas for veld restoration.  
Research Methodology 
Study site: The study was conducted in a light reflective greenhouse, at Molelwane University Farm, 10 km 
from the North West University, Mafikeng campus (25 85’’ 00’’ S, 25 63” 33” E). The location of the farm is 
semi-arid with summer temperatures (22 - 34º C) and an above average rainfall (300 – 700 mm) annually. The 
collection of soil samples was done from surrounding villages, samples were mixed and analysed for chemical 
constituents. Eight of the grass species seeds studied in this experiment were outsourced from Barenbrug seed 
company while the seeds of T. triandra species were hand harvested around the Mafikeng area. Twenty seeds 
from each of the grasses were randomly sown in separate plastic pots (30 cm diameter and 22 cm deep), and 
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the same weight of soil was filled in the pots. A total of 81 pots (experimental unit) were used for sowing the 
grass species seeds such that each species was replicated 9 times. After germination seedlings were further 
thinned out to 10 plants per pot. Plants were irrigated 3 times per week using a 750 mL container and weeds 
were removed regularly from the pots. Morphological traits measurements: Germination percentage, 
chlorophyll content index (CCI), number of leaves and tillers were assessed for each grass species. 
Germination percentage (%) was obtained and recorded 5 days after planting. The growth stage samples were 
in separate independent pots. The tallest tiller was used on each grass plant was used to measure the number 
of leaves per tiller. Chlorophyll meter SPAD-502Plus was used to measure chlorophyll (CCI) at each growth 
stage and an average was recorded. From October to December 2019 the data was collected for grass 
morphology traits; grasses were further allowed to grow until March 2020 for tiller development. Chemical 
analysis: The chemical constituents for crude protein (CP) and in vitro dry matter degradability were assessed 
at two growth stages (elongation and maturity) and an average was taken. Total crude protein content was 
determined following the standard macro Kjeldahl method (AOAC, 2005) and was converted to crude protein 
(CP) by multiplying the percentage N content by a factor of 6.25 and expressed in g/kg DM. The in vitro 
ruminal DMD of the samples were determined using the ANKOM Daisyll incubator set at 39 °C with four 
rotating jars according to the ANKOM Technology, method 3 for in vitro true digestibility. The samples were 
weighed into ANKOM F57 bags (0.45 – 0.5 g) heat-sealed and placed in the digestion jars. Statistical analysis: 
Data on these parameters was analysed using one-way analysis of variance (SAS, 2010). 
Results 
Results on germination percentage, the average number of leaves and tillers, chlorophyll content, crude protein 
and in vitro DMD of grass species under greenhouse experiment are presented in Figure 1 (a, b) and Figure 2 
(a, b). The germination rate of the grass species in an increasing order are as follows; D. eriantha – 23%; P. 
maximum – 38%; D. glomerata – 39%; C. ciliaris - 47%; T. triandra – 50%; F. arundinacea – 53%; C. gayana 
(53%); A. pubescens (56%) and E. curvula (72%). Panicum maximum (Mean ±Standard Error = 0.82 ±0.01) 
and T. triandra (0.80 ±0.01) had the highest (P<0.05) average number of leaves when compared to F. 
arundinacea, C. gayana, D. glomerata, A. pubescens and E. curvula. The average number of tillers were all 
similar (P>0.05). Eragrostis curvula (47.28 ±1.25) had the highest (P<0.05) chlorophyll content, while F. 
arundinacea (34.50 ±1.25) had the lowest chlorophyll content. Eragrostis curvula (61.57 ±0.72) and D. 
glomerata (60.28 ±0.72) grasses had higher (P<0.05) crude protein concentration. Cenchrus ciliaris (32.67 
±0.72) and T. triandra (34.06 ±0.72) had the least (P<005) CP concentration. Dactylis glomerata (426.87 
±8.53) and F. arundinacea (440.51 ±8.53) had the highest (P<0.05) in vitro ruminal DMD24 values. Festuca 
arundinacea (481.35 ±6.84) had the highest (P<0.05) in vitro ruminal DMD36 values. Festuca arundinacea 
(548.85 ±7.88) had the highest (P<0.05) in vitro ruminal DMD48 values when compared to all other grasses. 
Table 1 presents a summary of ranked grass species based on their germination %, chlorophyll, number of 
leaves and tillers, crude protein and in vitro DMD parameters according to their suitability and potential in 
restoring degraded rangelands using averages (1= unsuitable; 9= suitable). In the current study D. glomerata, 
D. eriantha, F. arundinacea, P. maximum and T. triandra had the highest average ranking values above 4.5 
for most parameters.  
Figure 1: Effect of grass species on the number of leaves, number of tillers (a) and chlorophyll content (b) in nine selected grass 
species grown under controlled conditions. Standard error bar (SEB) leaves = 0.01  
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Figure 2: Effect of species on crude protein (CP) (a) and in vitro DMD (DM in g/kg) (b) in nine selected grass species grown under 
controlled conditions. SEB crude protein = 0.72; SEB in vitro DMD12 = 5.02; DMD 72 = 8.32 
Table 1: Veld restoration potential ranking of some nine selected grass species based on their morphological, nutritional and in vitro 
DMD parameters 
Grass species GERM% CCI LN TN CP DMD24 DMD36 DMD48 AVG 
A. pubescens 8 6 2 3 5 3 2 1 4 
C. ciliaris 4 5 7 1 1 4 4 2 4 
C. gayana 7 7 4 5 3 2 3 5 5 
D. glomerata 3 2 3 7 8 8 8 8 6 
D. eriantha 1 4 6 9 4 6 5 4 5 
E. curvula 9 9 1 6 9 1 1 3 5 
F. arundinacea   6 1 5 8 7 9 9 9 7 
P. maximum 2 8 9 2 6 7 7 7 6 
T. triandra 5 3 8 4 2 5 6 6 5 
GERM%: germination percentage; CCI: chlorophyll; LN: number of leaves; TN: number of tillers; CP: crude protein; DMD: dry matter 
degradability; AVG: average score 
Discussion  
Chlorophyll, number of leaves and number of tilers: The green colour in chlorophyll generally indicates the 
health status of grasses as a result of photosynthesis, which plays a vital role in the production potential of 
leaves (Sheikh et al. 2017). The efficiency of photosynthetic activity is magnified by the amount of chlorophyll 
in grasses which proves its capacity to absorb energy (Mishra et al. 2013). In this study E. curvula recorded a 
higher chlorophyll concentration than all other grasses (Figure 1b). Our E. curvula chlorophyll content results 
are higher than those of Biber (2007) which are Juncus roemerianus (11.98 CCI), Spartina alterniflora (29.97 
CCI) and Rhizophora mangle (30.68 CCI). In our study, P. maximum (0.81± 0.03) and T. triandra (0,79± 0.03) 
had a higher average number of leaves, while all grasses in this study had the same average number of tillers. 
In the morphology of grasses, a high number of tillers per shoot is a vital parameter to have because it yields 
better biomass quantity, a decrease in soil erosion, suppresses weeds, plant resistance in trampling and 
prevention of bush encroachment (Sun and Liddle, 1993). When a grass shoot produces many tillers it clearly 
shows the efficient use of resources such as added organic matter enriching the soil post its life cycle 
(Montagner et al. 2012). Additionally, the number of tillers carries a highly crucial adaptability attribute since 
it gives a measure of the survival ability of grasses under intense defoliation periods, including the accessibility 
of reserves for photosynthesis (Laidlaw, 2005). Comparable to this study are findings of Mganga et al. (2010) 
who reported that the yield in tiller numbers differ with the species genetic make-up and growth habit. Genetic 
variation found in grass species is a common factor that contributed to the differences in production of leaves 
and tillers. Crude protein and in vitro dry matter degradability (DMD): crude protein is an important nutrient 
fraction in the diet of a ruminant, due to its primary function of growth and production (Daba et al. 2019). In 
this study, E. curvula and D. glomerata had higher crude protein concentration (Figure 2a). Eragrostis curvula 
from this study is higher than the one reported by Adejoro and Hassan (2017) (48.9 g/kg DM) and lower than 
Berhane et al. (2006) (93 g/kg DM). Thus, crude protein concentration of these grasses was below the 
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recommended minimum requirement of 85 g/kg DM/day on sheep and livestock. Information on the in vitro 
dry matter degradability (DMD) is vital in determining nutrient assimilation by ruminants (Birgit, 2017), 
including the digestibility and quality of substrates in the rumen (Ikhumioya et al. 2005). There was a variation 
among grasses at 24, 36 and 48 hours after incubation. Festuca arundinacea had a higher DMD36 (481.35 
g/kg DM) and DMD48 (548.85 g/kg DM) value than all other grasses (Figure 2b). Both results were higher 
than that reported by Elizalde et al. (1999) (381 g/kg DM). Generally, in this study D. glomerata, F. 
arundinacea and P. maximum leaves had the high degradability and equally high CP content. Several authors 
explain that high CP and low fiber content in animal diets cause an increase of rumen degradability (up to 600 
g/kg) thus showing that a relationship exists between CP and fiber (Yuan et al. 2017, Ravhuhali et al. 2018, 
Ramantsi et al. 2020, Ravhuhali et al. 2020). 
Conclusions 
Chloris gayana, D. glomerata, D. eriantha, E. curvula, F. arundinacea, P. maximum and T. triandra species 
had higher ranking based on their different morphological, nutritional (CP) and in vitro DMD traits assessed 
among these grasses. Due to their outperforming traits these grasses serve as a dual purpose. 
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